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1 Introduction

This report presents new detailed maps of the top and base of the Chalk Group

for the central and eastern North Sea (Fig. 1). Mapping scale is 1:1170000 with

a contour interval of 50 msec and 50 m for time and depth maps respectively.

Resulting depth converted maps of the top chalk, base chalk and chalk isopach

are given as enclosures whereas time and velocity maps are given as illustration

in 1:6,900,000. Underlying grids have gridspacings of 500 · 500m and 1.68

million grid cells. Maps are all presented in the UTM projection in zone 32

(central meridian 9◦E) using the Hayford 1909 ellipsoid. About three quarters

of the mapped area are taken from GEUS in-house mapping campaigns, either

done previously or specifically for this project. The remainder is modified from

various published maps. These other sources are in many cases only available

in projections other than UTM zone 32 and various conversion techniques

therefore had to be applied (see appendix).

Figure 1: Top Chalk time structure map. Illuminated from the north-
east.

The comprehensive data base includes Shallow, 2D and 3D seismic data

as well as published maps in authoritative projections (e.g. Baldschuhn et al.

2001; Britze et al. 1995). Control on the mapping is provided by industrial

wells and numerous onshore water wells. The mapped stratigraphic interval

comprises the Chalk Group and equivalent formations in the stratigraphic in-
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terval (and including) Cenomanian to Danian. The summarized lithostratig-

raphy for the mapped interval is shown in Fig. 3. Although limestone and

chalk dominates the mapped interval, other lithologies are also present. No-

table exceptions are the clayey intercalations of the Shetland Group in the

northernmost part of the mapped area, and the siliciclastic sand members of

the Arnager Greensand, and the Lunda and Hansa members in the eastern-

most part of the area. The Lunda Member even comprise clean quartz sands

of several hundred meter thickness (Erlström 1990; 1994). One omitted unit

from the scheme in Fig. 3 is the Bavnodde Greensand that is exposed on Born-

holm and which is time equivalent with the older parts of the Lunda Member.

Carbonates also encompass the Danian bryozoan and coral limestones found

in the eastern parts (e.g. Stevns Klint, Fakse Limestone Quarry, etc.), and

many further local names exist (e.g. Surlyk 1982). The northeastern limit of

the Chalk Group is everywhere determined by Neogene erosion. Map limits to

the west and south are arbitrary, but are also determined by lack of data.

In the following section brief descriptions of the maps are given. Location

names used in these description may be found on Fig. 2 and in Table 4. This

is followed by an extensive account of the applied depth conversion techniques.
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Abbreviation Full name Abbreviation Full name

ASB Arnager-Sose Block KoF Koszalin Fault
BBl Bornholm Block KoG Kolobrzeg Graben
BF Børglum Fault KRAF Kullen Ringsjön Andrarum Fault
BT Brande Trough KrFZ Krebs Fault Zone
ChH Christiansø High KHo Kullen Horst
CSF Coffee Soil Fault LFBC Lista Fault Block Complex
CST Colonus Shale Trough MaH Mandal High
DaBl Darlowo Block MH Mads High
EB Egersund Basin MNH Mid North Sea High
EG Else Graben MøH Møn High
ENBl East North Sea Block ORB Outer Rough Basin
EH Eigerøy Horst RB Rott Basin
FaB Farsund Basin RFZ Romele Fault Zone
FG Feda Graben RiH Ringe High
FT Fjerritslev T-rough RoR Romele Ridge
GFZ Gyda Fault Zone RT Risebæk Trough
GG Gertrud Graben SB Søgne Basin
GHF Gren̊a- Helsingborg Fault ScH Schillergrund High
GlG Glückstadt Graben SDP Salt Dome Province
GlBl Glamsbjerg Block SkG Skagerrak Graben
GNB Grensen Nose Basin SkP Skurup Platform
GrBl Grindsted Block ST Svaneke Trough
GrG Gryfice Graben StP Stavanger Platform
GrW Grimmener Wall SvF Svedala Fault
GuT Gudhjem Trough SvH Sørvestlandet High
HBl Holmsland Block SæF Sæby Fault
HBB Hanö Bay Basin TEG Tail End Graben
HeT Helgoland Trough UsBl Ustka Block
HFZ Hummer Fault Zone VFZ Varde Fault Zone
HiG Himmerland Graben VG Varnes Graben
HF Holmsland Fault VT Vomb Trough
HG Horn Graben WSBl West Schleswig Block
HöG Höllvik Graben YRH Ystad - Rønne High
IH Inge High
KFZ Krabbe Fault Zone

Table 4: Abbreviations of structural names shown on Fig. 2.
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Figure 2: General structural elements of the study area showing simplified Top
pre-Zechstein fault patterns (mod. from Vejbæk and Britze 1994).
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Figure 3: Lithostratigraphic correlation for the Upper Cretaceous -
Danian succession mapped in this report. Top and Base Chalk maps
correspond to top and base of the light blue/grey units (mod. from
Surlyk et al. 2003; Sivhed et al. 1999 and based on Deegan and Scull
1977; Isaksen and Tonstad 1989; Johnson and Lott 1993).

Stratigraphy .:i,;:hy SH-1• ~ curv• Llthostratlgraphy 
f-------- UK-------! ""~ I--- Denrrerk~ 

Central Norf'I sea Northern North sea cenirai North sea Central Norf'I sea Bcania 

""" 
,_ Age """" Soo • ""~ So<, • 

l~lad i:< oornv,{I~ 
and east and west Viki1g Viking H"'Ml<en Fonnatlon - Grabffi Grab ~ 

I ! ill ill 
Cl'lalk6Uflil .. l Ekol isloi FOfmQtion Ekot isk for!TQtion (Ekol isk Fonrl:llioo 

If equ ivalent) Umtwmn Member 

Cl'lat,;5Unil '=' TorForlTlllion TorForlT'8tion (Tor F'-orl'rallon 
equ lvalenl) 

Jorsaff are 
Foomboe 

Chall 4 Unil 
(Hodforrretion -equ ,valent) Mombo< 

j 
Q. 

s ' 
, 

Q. i= e , I Cha1,; 3 Unil Cl 
e Mackerel (HodForrretion 

2 
I 

Cl • Fonnmon e(lu lvalenl) 

i """ ! i Forll"8tion 
u 

~ Kyrre 

s ]1 f'oflllltion 

e "' u 

Cl'lalk2 Unil 
(Hod Fomullon 

e(11Jivalenl) ·-Li-

Herri'lg Try ggvasooFm 
Tu !"Ol'1ien Shale/ 

Plenu s Mar1equivalent 
For1T'8lion {Lower part) 

Blodok$ FOffl'8fion 

Hidra Forrration Svarle Hiclra Hidra ForlT'81ion 
Cl'lall 1 Unit .:=. Form.dion f'ofrrntion (Hidra Forrration 
tfQu ivalenO 

i 
,~ 
u! 1~ u~ 



Regional chalk maps 7

624000. 724000. 824000. 924000.

6000000.

6050000.

6100000.

6150000.

6200000.

West Baltic bathymetry/topography

UTM-X

U
T

M
-Y

15.00 16.00 17.00

 54.00

 54.30

 55.00

 55.30

SOELLESTED-1

SLAGELSE-1

ROEDBY-2ROEDBY-1

STENLILLE-4
STENLILLE-1STENLILLE-5STENLILLE-2STENLILLE-3

STENLILLE-6

OERSLEV-1

LAVOE-1

MARGRETHEHOLM-2MARGRETHEHOLM-1

FALSTERBOREV-1

BARSEBACK-1

HOLLVIKSNAS-1

SVEDALA-1

SMYGEHUK-1

KLINTA-1

SNAVEN-1

H-9-1/87

KOPINGSBERG-1

HAMMER-1

G-14-1/86

H-2-1/90

HANO-1

HANO-2

K-5-1/88

YOLDIA-1

A8-1?

Below -180.

-180. - -160.

-160. - -140.

-140. - -120.

-120. - -100.

-100. - -80.

-80. - -60.

-60. - -40.

-40. - -20.

-20. - 0.

0. - 20.

20. - 40.

40. - 60.

60. - 80.

80. - 100.

100. - 120.

120. - 140.

140. - 160.

160. - 180.

Above 180.

Meters
Date:2004/01/28 15:21:02.956

14.0013.0012.00

Arcona Basin

STINA-1

PERNILLE-1

100KM

Figure 4: Topography and bathymetry in the western Baltic. Thich
red lines show extent of Chalk Group deposits. Yellow lines show
extent of post chalk Palaeogene deposits. Contour interval is 10m.

2 Top Chalk map

Major sources for this map are the earlier GEUS maps covering the Central

Graben (Britze et al. 1995), and north - central Jylland (Ter-Borch 1991;

Britze et al. 1991). Unpublished earlier mapping has contributed to the major

part of the Norwegian sector where mapping detail is determined by a 1 km

gridspacing. However, north of the 58◦ parallel and likewise in the British

North Sea sector, only grids from the Millennium Atlas (Surlyk et al. 2003)

have been available with a gridspacing of 2 km. The entire German sector has

been obtained by digitization of the Gauss Krüger projected maps published by

Baldschuhn et al. (2003). These maps are only available in depth converted

version, so they had to be converted back to time before merging with the

northern areas, as compilation is done in the reflection time domain.
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The velocity field for this operation is a model based extrapolation from

the Danish sector because well velocity data has not been available for the

German sector (see section on depth conversion).

The reflection time map is therefore more uncertain than the depth map

in the German sector. New mapping specifically for this project has been

undertaken in South Jylland, in parts of the Central Graben (based on 3D

data) and in the North Sea between the Central Graben and Jylland.

In the Skagerrak area, the Top Chalk has been supplemented with pub-

lished maps (NGU 96.138; Jensen 1998).

The eastern parts of the Top Chalk maps are shown with a dot raster

that signifies erosion or direct superposition by Quaternary deposits (Fig. 6).

These areas are compiled on the basis of water wells and shallow seismic sur-

veys offshore (e.g. Binzer and Stockmarr 1994; Kramarskiej 1999; Køgler and

Larsen 1979; Lemke 2000; Sivhed et al. 1999; Stenestad 1976; Ter-Borch 1991).

In some areas like in the Arkona Basin, no shallow seismic surveys have been

found, so there the bathymetry (Kramarskiej 1999; Seifert and Kayser 1995)

plus an estimate on the Quaternary thickness has provided an estimate on the

Top Chalk depth (Figs 4, 5).



Regional chalk maps 9

663500. 763500. 863500. 963500.

6027500.

6077500.

6127500.

6177500.

6227500.

Approximate Post Chalk sediment thickness

UTM-X

U
T

M
-Y

12.00 13.00 14.00 15.00 16.00

 54.30

 55.00

 55.30

 56.00

STENLILLE-1STENLILLE-5STENLILLE-2STENLILLE-3
STENLILLE-6

OERSLEV-1

LAVOE-1

MARGRETHEHOLM-2MARGRETHEHOLM-1

FALSTERBOREV-1

LOVISEFRED-1

BARSEBACK-1

HOLLVIKSNAS-1

SVEDALA-1

SMYGEHUK-1

KLINTA-1

SNAVEN-1

H-9-1/87

KOPINGSBERG-1

HAMMER-1

G-14-1/86

PERNILLE-1

H-2-1/90

HANO-1

HANO-2

K-5-1/88

STINA-1

YOLDIA-1

A8-1

100KM

Date:2004/03/26 13:26:10.516

Below 20.

20. - 40.

40. - 60.

60. - 80.

80. - 100.

100. - 120.

120. - 140.

140. - 160.

160. - 180.

180. - 200.

200. - 220.

220. - 240.

Above 240.

Meters

Figure 5: Approximate thickness of Postdanian Cenozoic deposits. In
most of the area, it is equivalent to the Quaternary except for minor
areas outlined with thick red lines. Contour interval is 10m.



Regional chalk maps 10

In the areas with only Quaternary overburden, the primary data sources

have only provided depth and not reflection time. Due to lack of data and

large uncertainty in velocity mapping, this is considered futile and a veloc-

ity of 2 km/sec has been assumed such that depths in meters and reflection

time has the same value. Within the rasterized area, in the eastern part of

the map, small areas without raster signature indicate outliers of Seelandian

and/or other Palaeogene deposits. This is proven in the Copenhagen (and

North Sjælland) area (e.g. Stenestad 1976), in Scania (Sivhed et al. 1999), in

the Polish offshore (Kramarskiej 1999), and onshore eastern Germany (Best et

al. 2000). These and immediately adjacent areas therefore have almost com-

plete Chalk successions in spite of the large hiatus between Palaeogene and

Quaternary deposits and Neogene erosion has not removed large amounts of

the Chalk although circumstantial evidence suggests that considerable thick-

nesses of chalk overburden has been removed by erosion (e.g. Japsen 1993;

2000; Japsen and Bidstrup 1999).

The areas with preserved post chalk Palaeogene deposits are character-

istically located adjacent to conspicuous inversion zones as the Sorgenfrei

Tornquist zone, the Kolobrzeg and Gryfice grabens and the Grimmener Wall.

Within these inversion zones, however, the chalk succession is far from com-

plete, and is even missing in major parts.

In Norwegian waters, however, deep angular truncation characterizes the

area where Neogene erosion has occurred (see section on thickness maps). A

general thickness increase of the Chalk in a northeasterly direction is seen in

the Norwegian offshore until the area where Neogene erosion has occurred.

Similar thickness increases are seen towards the established inversion zone of

the Sorgenfrei - Tornquist Zone. It may be surmised that the northeasterly

thickness increase in Norwegian waters may constitute the same phenomenon;

namely depocentres at the flanks of inversion zones. It may thus be further

surmised, that an inversion zone could have been present in the southwestern

coastal areas of Norway, but is now impossible to recognize due to total removal

of Phanerozoic sediments by Neogene erosion.
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Notable features are erosion channels/valleys: The broad Siri Valley orig-

inates at a large salt dome northeast of the Norwegian well 10/11-1, and runs

southwestwards along the Danish - Norwegian border to the edge of the Cen-

tral Graben (at the Elna-1 well). Another narrow valley runs all the way from

the Slagelse-1 well, south of the Horsens-1 and Vinding-1 wells and westwards

passing the Ibenholt-1 well to the Central Graben. This valley is closely asso-

ciated with a series of faults that generally detach in the underlying Zechstein

salt approximately at the transition from marginal carbonates to basinal salt

along the north edge of the Ringkøbing - Fyn High (e.g. Vejbæk 1997). Similar

salt related detachments are developed in the Tønder Trough located near the

Danish - German border onshore Denmark.

Figure 6: General map legend for maps.

3 Base Chalk map

The Base Chalk map has much the same data sources as the Top Chalk map

(Baldschuhn et al. 2001; Britze and Japsen 1991; Britze et al. 1995) and a

number of internal otherwise unpublished mapping projects. However, there

are also additions: In the Baltic Sea northeast of the Island of Rügen an

excellent base chalk map is published by Schlüter et al. (1997). This map is

in Gauss - Krüger projection (see appendix), and in depth. The method for

this depth conversion is described by Jaritz et al. (1991), and supported by

the German Baltic sea wells G-14, K-5, H-2 and H-9 (Rempel 1992).

Map legend 

M~~ Well 

I Coastline 

=:zJ Chalk truncated by Neogene 

r::? Chalk erosion limit 

..--./ Fault 

a Salt diapir and/or gas chimney 

--.J Border 

UTM zone 32 
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Figure 9: Base Chalk time structure map.
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In the Bornholm area a compilation of various authors has been done

(Kumpas 1980; Vejbæk et al. 1994; Vejbæk and Britze 1995; Hommel 1996).

Kumpas’ maps are given in the ”Rikets nät” projection (see appendix) and

are depth converted. Comparison to other maps (e.g. Vejbæk et al. 1994;

Vejbæk and Britze 1995) showed discrepancies in the velocity field northeast of

Chrisitiansø. As Kumpas (1980) only had the two somewhat shallow Swedish

wells available (the Swedish H-1 and H-4 wells), his maps were corrected to

comply with the results of the above mentioned maps. In major parts of the

eastern Bornholm offshore, the Upper Cretaceous is probably resting directly

on Palaeozoic strata. However, along the northeast flank of the Christiansø

High thin veneers of pre-Cretaceous Mesozoic are likely to be present. Also in

the Polish offshore near the coast and onshore Permian, Triassic and Jurassic

strata are present northeast of the Kolobrzeg graben (e.g. Grigelis 1991).

In the Kattegat and Skagerak areas further support has been obtained

from published maps (Mogensen and Jensen 1994; Vindum 2002; Jensen 1998).

4 Chalk isopach map

This map is simply produced by subtracting the top and base chalk from each

other. However, in the British sector and in the Norwegian sector north of 58◦

N the main data source was the chalk isopach map from the Millennium Atlas

(Surlyk et al. 2003).
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A dominant feature on the isopach map is the major depocentre flanking

the Sorgenfrei - Tornquist Zone to the southwest with a maximum under North

Sjælland. This depocentre is proposed to be causally linked to the formation

of the major inversion of the Sorgenfrei - Tornquist Zone (e.g. Gemmer et

al. 2002; Hansen and Nielsen 2002; Vejbæk and Andersen 2002). In the

same genetic category is the Hanö Bay basin, e depocentre southwest of Læsø

and the Darlowo Block southeast of Bornholm. The depocentre in North

Jylland also belong to this structural category where the causal inversion zone

is located in Vendsyssel, but with a conspicuous overprint by salt tectonics.

The depocentre flanking the Sorgenfrei - Tornquist Zone can thus be seen

to continue to the northwest into the Norwegian offshore. However, there

the depocentre is not abutting an inversion zone, but is instead truncated by

Neogene erosion. It may therefore be surmised that the inversion zone must

continue in the south - southwest Norwegian onshore, only there it vanishes

due to deep Neogene erosion (e.g. Japsen et al. 2002).

Other lesser depocentres flanking inversion zones are found in the western

German North Sea, and faintly (in this map scale) visible on the east flank

of the Danish Central Graben and in the northeastern Tail End Graben (cf.

Vejbæk and Andersen 2002). A depocentre in the southwestern Norwegian

offshore is located over the Norwegian Central Graben and thus marks the

northern termination of inversion activity (e.g. Ziegler 1995).
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Areas outside the influence of inversion zones and flanking depocentres

thus become rather limited. Such areas include the East North Sea Block

area and the middle part of the Norwegian offshore area where thicknesses are

at or below 300 msec. However, in the Norwegian area, thicknesses are also

affected by Palaeogene erosion from turbidity currents such as the prominent

Siri Valley (e.g. Rasmussen et al. in press). In the Danish area salt tectonics

and high frequency (”wormy”) undulations affect thickness distribution. The

”wormy” appearance of the isopach on the East North Sea Block originates

from the Top Chalk map and is supported by high data coverage and is not

due to misties. The most plausible interpretation is that they represent pock

marks (e.g. Clausen and Huuse 1999).

5 Depth conversion

Depth conversion of the maps is done by application of a multilayer velocity

model. The method requires that a certain minimum number of wells with

well-velocity surveys are available.

The multilayer velocity depth conversion method is outlined Japsen (1993,

1994). Each layer is assigned a surface velocity (V0) and a depth gradient (K)

according to the equation: V (z) = V0 + Kz, where V (z) is instantaneous

velocity for the layer at depth z. To ensure fit to wells, lateral deviations from

the average interval velocity functions are allowed through the application of

the dV parameter, which is added to the V0 parameter. The equation thus

becomes:

V (z) = (V0 + dV ) + Kz (1)

where dV varies laterally. Units for all parameters are given in Table 1. De-

tailed development of this relationship may be obtained from Japsen (1993,

1994) and only main points are given below together with some further devel-

opments.
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The V0’s and K’s necessary for the depth conversion can be approximated

by application of simple linear regression (e.g. in a spread sheet) to cross-plots

of interval velocity versus mean depth for the various sediment packages that

are defined by the interpreted seismic reflectors. This fitting method is only

approximate as scatter in the cross plot is not related to the dV parameter

in a simple way. In this report velocity parameters are derived from detailed

studies of regional velocity variations (e.g. Japsen 1998; 1999; 2000).

The computerized depth conversion of time structure maps requires that

the dV parameter is given as digitally mapped velocity anomalies. Variations in

dV -values may express lateral variations in lithology of a given interval or dis-

equilibrium compaction. A positive velocity anomaly may indicate late uplift

of an interval and a negative value may indicate under-compaction (overpres-

suring) assuming uniform lithologies in a larger area. Laterally interpolated

velocity anomaly maps should be made smooth to ensure smooth interval ve-

locities, and thus smooth depth converted maps.

The generation of maps of the velocity deviation (from the average velocity

functions; the dV parameter) requires lists of these deviations together with

coordinates for each well, which then can be interpolated into maps.

The dV value can be approximated from:

dV =
(Zb − Zt) · 2

Tb − Tt

− (V0 + K
Zt + Zb

2
)

which uses comparison of observed interval velocity and assumed interval ve-

locity. Here all Z’s and T ’s are from well velocity analysis. This equation is

implicitly assumed when performing linear regression on observations of inter-

val velocity versus mean depth. This expression is, however, not exact when

K 6= 0 and gives rise to small errors by generally producing too small dV val-

ues for K > 0 (most common case) and vice-versa. A more precise expression

is given by:

dV =
∆Z ·K

expK·∆T −1
− V0 − Zt ·K

The dV can be converted to the burial anomaly by:

δZb = −dV

K

The − sign causes too low velocities to give rise to positive burial anomalies.
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Special cases occur where positive δZb values can be ascribed entirely to

disequilibrium compaction caused by excess pore fluid pressure. This occurs

mainly in the Palaeogene and Chalk successions in the Central graben area.

An approximate estimate on the amount of excess pressure ∆P is given by:

∆P = δZb · (ρr − ρbr) ·G

where ρr and ρbr are densities of rock and brine and G is the gravity constant.

Assuming ρr = 2000kg/m3 and ρbr = 1000kg/m3 then 100m of burial anomaly

is roughly equivalent to 1 MPa. Pressure estimated from velocity may deviate

by as much as 15% compared to observed pressure, but has the advantage of

fast pressure mapping and much larger data coverage because velocity data

are much more abundantly available than reliable pressure data.

Depth conversion using the linearly increasing instantaneous velocity as-

sumption (Vi = V0 + Kz) is done layer by layer downwards. The thickness of

a layer is found from:

∆Z =
1

K
(V0 + dV + (K · Zt))(expK∆T −1) (2)

where ∆T is one-way time. In the case of no velocity increase with depth

(K = 0) the equation simplifies to:

∆Z = (V0 + dV ) ·∆T (3)

To back calculate depth thickness to time thickness:

∆T =
1

K
· Log

[
1 + ∆Z · K

Va

]
(4)

where Va is instantanous velocity at the top of the interval:

Va = V0 + dV + K · Zt

Direct calculation of interval velocity may be done from:

Vint =
2

∆T
[V0 + dV + K · Zt](e

K∆T/2 − 1)

where Vint is the interval velocity of the mapped package.
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In some cases it may be convenient to reconstruct dV information from

old maps. This can be for the purpose of re-using and extend the velocity

anomaly map, or to use the mapped velocities with new functions. This may

be done according to

V0 + dV = (Vint −K · Zt)/(1 + K ·∆T/4)

The interval velocity (Vint) must therefore be available, for instance by subdi-

viding meter thickness maps with time thickness maps. It is noted that only

prior information on the velocity gradient (K) must be known. The expression

is only approximate, but may suffice for most purposes.

Symbol Meaning Unit

∆Z Thickness meters

V0 Surface velocity m/sec.

dV Velocity deviation m/sec.

K Velocity gradient sec.−1

Zt Depth to top of layer meter

Zb Depth to base of layer meter

Tt Two-way time to top of layer sec.

Tb Two-way time to base of layer sec.

∆T Thickness in one-way reflection time sec.

Table 1: The symbols in depth conversion and their units.
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5.1 Post-chalk interval

The Cenozoic velocity model consists of a single layer onshore Denmark and

farther east, and two layers west of the Danish mainland (Table 2). The two

layers are divided at a mid Miocene reflector approximately corresponding to

the top of the overpressured section (Upper and Lower Post Chalk Group in

Table 2). We use parameters for these layers as determined by Britze et al.

(1995) and Japsen (1999). The parameters are applicable to most of the North

Sea as they are based on a large well data base from the entire North Sea (e.g.

Japsen 2000).

The two layered model for the North Sea area is only applied, where

mid Miocene reflector is interpreted (Rasmussen et al. in press; Fig. 10).

The velocity function parameters for this area are termed ”Upper Post Chalk

Group” and ”Lower Post Chalk Group” in Table 2. As this horizon has not

been tied precisely in the wells in the area, no velocity anomaly map is applied

for the interval above. For the interval below down to Top Chalk, velocity

anomalies are mapped to ensure tie between the wells and the depth converted

Top Chalk map. Depth values (Zt in the equations in previous section) for the

top of the Lower Post Chalk Group is therefore only approximative, and all

uncertainty in the chalk overburden velocity field is ascribed to the Lower Post

Chalk Group. This is assumed to be a reasonable approach, as earlier studies

suggest the main cause for velocity variation to be attributed to overpressuring,

which occurs below the mid Miocene reflector (e.g. Japsen 1993; 1994; 1999).

This reflector therefore is often referred to as ”Near Top Overpressure”.
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The velocity mapping in the Norwegian sector only applies a one layer

model down to the Top Chalk and originates from an internal unpublished

mapping campaign. In order to get a continuous velocity field, a smooth

merge of this velocity field with the average velocity field from the two layer

model down to Top Chalk for the Danish sector has been performed.

Interval V0 K

Upper Post Chalk Group 1725 0.4

Lower Post Chalk Group 1517.2 0.6

Onshore functions 1650 0.62

German North Sea 1725 0.5

Table 2: Velocity parameters for depth conversion down to the Top
Chalk (Britze et al. 1995; Japsen et al. 1999).

North of 58◦ and in the British sector published depth maps have been

available (Surlyk et al. 2003). In order to incorporate these maps also in the

reflection time domain, the Norwegian sector velocity field has been inverted

to surface velocity (as described in the previous section), extended into the

British sector and used inversely on the depth maps (equation 4 in previous

section). The velocity parameters for this operation are equal to ”Upper Post

Chalk Group” in Table 2.

No well velocity data have been available for the German sector, and

the published maps are all in depth (Baldschuhn et al. 2001). Therefore an

inversion of the mapped velocity field for the south part of the Danish area to

a surface velocity field has been performed using parameters termed ”German

North Sea” in Table 2. These surface velocities have been extended to cover

the entire german sector to allow inversion of the depth map to time. Due to

lack of well control, the depth map must be considered more precise than the

time map.
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The Danish onshore areas are depth converted using parameters termed

”Onshore function” in Table 2. A major part of this area has been depth

converted previously (Britze and Japsen 1991), but this work has been inverted

back to surface velocity as described in the previous section, as no dV - maps

were avalable from that study. This has allowed an extension of the velocity

field to cover areas not previously published. In large areas of the Danish

onshore and western Baltic, the top Chalk is equivalent to the base Quaternary

(Figs. 4, 5). The primary data source is here water wells and shallow seismic

maps already given in meters. Due to expected large uncertainties in velocity of

the Quaternary and other overburden on the Chalk (sometimes water), velocity

mapping has been considered futile, and a universal velocity of 2km/sec has

been assumed in these areas to make depth and time maps equal.

The time map as well as the depth map have been corrected for the

remaining misties to wells by interpolating these errors and adding them to the

maps. In this way also wells without velocity survey can help in refining depth

conversion. Following this operation, the mean error on the time and depth

maps at well sites is reduced to 0.22 msec and 28 cm with a standart deviation

of 11 msec and 12 m approximately at well sites. Much of this deviation is

inevitable due to the large grid spacing of 500 m.
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As has also been shown by Japsen (1998; 2000) the parameters are suf-

ficiently well determined to allow rough estimation of excess fluid pressure in

the Lower Post Chalk Group. The pressure map in Fig. 12 shows the well-

known southeastward decrease in excess fluid pressure from the maximum in

the southwestern Norwegian offshore (e.g. Megson and Hardman 2001). In ad-

dition, however, a drop towards the northeast away from the Central Graben

is also visible. This northeasterly pressure drop is faster along the Norwegian -

Danish borderline, where Paleocene sands are known to occur (e.g. Rasmussen

et al. in press), thus suggesting partial pressure drainage through these sands.

Sand injection and other sand mobilisation phenomena are thus likely to oc-

cur along the Siri Trend northeast of the Central Graben. The change from

southeasterly decreasing fluid pressure in the axial part of the Central Graben

to easterly decreasing pressure along the northeastern margin of the Central

Graben are also mimicked by Chalk Group water zone pressure as the Lower

Palaeogene and the Chalk generally are in pressure communication (e.g. Moss

et al. 2003). This may be of major importance for the prospectivity of the

under-explored chalk along Northeastern margin of the Danish Central Graben

as fluid contacts in chalk reservoirs almost invariably are affected by dynamic

water zones (e.g. Thomasen and Jacobsen 1994; Vejbæk et al. in press).

5.2 Chalk interval

In the case of Chalk, Japsen (2000) has erected a 4 layer composite model for

standard velocity depth trends:

Interval V0 K Vb

0− 900m 1550 1.3 2720

900− 1471m 920 2 3862

1471− 2250m 1950 1.3 4875

> 2250m 2625 1.0 -

Table 3: Velocity parameters for depth conversion from Top Chalk
to base Chalk (Japsen 2000). Vb is instantaneous velocity at seg-
ment interface.
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Figure 10: Mid Miocene depth structure map. dV values for Top Chalk depth
conversion are assigned entirely to below this horizon (mod. from Rasmussen
et al. in press). C.i.= 50m.
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Figure 11: Post Chalk Group average interval velocity. This velocity map is
the direct relation between Top Chalk time and depth maps. C.i.= 30m/sec.
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Figure 12: Over pressure for the Lower Post Chalk Group as calculated
from velocities. The Siri Valley sand system is clearly dissipating
pressure locally. C.i.= 1MPa.
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In this case depth conversion is done by:

∆Z =
n∑

1

1

Kn

(V0n + dV + (Kn · Z ′
t))(expKn∆T ′ −1) (5)

where n refer to the n’th segment in a chalk succession of the above model and

Z ′
t is the top of the n’th layer, where tops internally in the unit are given in

Table 3 (Fig. 14). ∆T ′ is in this case referring to the time thickness of each

segment of the model in a given succession. In practice the above equation

is only applied to find out what segments are present in the depth interval of

interest, and for the lowermost depth segment that has an abitrary depth to

base. When the segments are determined equation 4 is applied to subtract

∆T ′ from ∆T in the downward depth conversion process.

A problem in composite velocity models is the determination of dV for

thick sections that contain several velocity model segments. This is done by

first depth converting with dV = 0 and calculating dV approximately accord-

ing to:

dV =
(Zb − Zt) · 2

Tb − Tt

− (Zb − Zt)

∆T

where ∆T is the erroneous time thickness based on equation 5 assuming dV = 0

and the Z’s and T ’s are well data (hard data). This gives an approximate

velocity anomaly. If better resolution is needed, iteration is the only option by

applying equation 5. Convergence may be obtained by updating dV according

to:

dV = dV ′ + dV ′ · Terr

Tb − Tt

for dV > 0

and

dV = dV ′ − dV ′ · Terr

Tb − Tt

for dV < 0

where Terr = 2∆T − (Tb − Tt). A suitable convergence criteria may be

|Terr| < 0.0002 or one fifth of a millisecond. As opposed to the first estimate

on dV , the iteratively determined dV is much more precise (as given by Terr.
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In the multisegment velocity model, determination of the burial anomaly

is also more complex. First the mean normal velocity (Vn) for the interval of

interest is found from:

Vn =
∆Z

∆T
− dV

The mean reference depth (Zm) can then be found from:

Zm =
Vn − V0

K

where the relevant V0 and K are determined by comparison between Vn and

the instantaneous velocity at the base of each segment (Vb) as given in Table

2. It is noted that Zm is only approximately equal to the mean depth of the

interval. Knowing Zm, the burial anomaly can be calculated from:

δZb =
∆Z
∆T

− V0

K
− Zm

In this case the relevant V0 and K are determined by comparison between ∆Z
∆T

and the velocity at the base of each segment (Vb). This means that the velocity

constants may be different for the determination of Zm and δZb (Fig. 14).
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The resulting interval velocity shown in Fig 15 clearly shows that pri-

mary control on velocity variation is depth of burial. By studying the dV map

instead, an illustration of effects other than depth of burial such as overpres-

suring, exhumation and lithology may be obtained (Fig, 16). It is clear that

velocity in the Central Graben is below the normal trend, and that velocities

are above normal near the Norwegian coast and most of the Danish mainland

with an increasing tendency to the northeast. If anomalies on the dV map

can be referred to only to exhumation and overpressuring, the burial anomaly

map may provide estimates on how much exhumation has occurred or how

large the overpressure is (Fig. 17; Japsen 2000). The interpreted overpressure

(burial anomaly divided by 100 gives pressure in MPa as discussed previously)

in the Central Graben is roughly similar in shape and magnitude to the one for

the Palaeogene (Fig. 12) which is consistent with the observation that excess

pressure in the Lower Palaeogene and the Chalk generally are the same (e.g.

Moss et al. 2003). Details are, however, somewhat different on a local scale

which may be partly due to a reduced data control, as fewer wells penetrate the

chalk. Local positive anomalies are seen around some salt structure suggesting

local pressure dissipation through faults associated with the salt movements.

Positive burial anomalies are characteristic for the areas close to Norway and

most of the Danish onshore. It has been interpreted to reflect Late Cenozoic

uplift and is consistent with estimates by other means (Japsen and Bidstrup

1999; Japsen 2000). Interpretation of the burial anomaly in Scania and the

Bornholm region should be done with caution, as the Upper Cretaceous there

contain lithologies other than Chalk (e.g. Kumpas 1980; Sivhed et al. 1999;

Erlström 1990; 1994). In these areas some support has been gained from seis-

mic stacking velocities corrected for velocity heterogeneity (e.g. Al-Chalabi

1981; Vejbæk and Britze 1994).
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Time maps as well as depth maps have been corrected for the remaining

misties to wells by interpolating these errors and adding them to the maps. In

this way also wells without velocity survey can help in refining depth conver-

sion. The mean error following this operation is difficult to estimate because

some wells were deliberately held out of this process due to local structural

complexity. Also a number of wells were ending somewhere in the middle of

the chalk. They may contribute to the mapping of the chalk velocity field, but

not as control on depth conversion to base chalk. Mean error at well sites on

the time and depth maps is, however, estimated to be 1 msec and 1 m with

a standart deviation of 10 msec and 11 m approximately. Again much of this

uncertainty is attributed to the grid density of 500 m.

6 Discussion

Chalk deposition took place on a background of regional subsidence follow-

ing the former mainly Late Jurassic rifting that strongly abated during the

Early Cretaceous. The Chalk Group isopach map of the North Sea region

(Fig. 18, enclosure 3) suggests local deviations from the background regional

subsidence. Anomalously thin or even absent Chalk Group deposits are for

instance recorded in the Danish Central Graben, the West Netherlands Basin,

the Sole Pit Basin and the Sorgenfrei Tornquist Zone (see Fig. 20 for location).

Zones of anomalously thick Chalk Group deposits flank these thinned areas.

This is particularly evident along the Southwest margin of the Sorgenfrei Torn-

quist Zone. These anomalies are suggested to be caused mainly by inversion

movements during Late Cretaceous - Palaeogene times (e.g. Mogensen and

Jensen 1994; Vejbæk and Andersen 2002). The causal link between the inver-

sion zones and their flanking depocentres has been investigated quantitatively

by Gemmer et al. (2002) and Hansen and Nielsen (2002; 2003).
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Figure 14: Chalk velocity model. A sample location is shown to
illustrate the concept of burial anomaly (δZb) and velocity anomaly
(dV ). Note that these two quantities may refer to different segments
of the model. Note that Zm is not exact midpoint depth; see text.
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Figure 15: Chalk Group average interval velocity. C.i.= 50m/sec.
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Figure 16: Chalk Group velocity anomaly map. C.i.= 50m/sec.
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Figure 17: Chalk Group burial anomaly map. Anomalies are derived from
velocity analysis. C.i.= 50m.
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Figure 18: Chalk isopach map. Thickness in meters. See also enclosure 3.
C.i.= 50m.
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Figure 19: Base Chalk depth structure map. See also enclosure 2.
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Tectonic map of NW Europe

Compressional deformation zones

Jurassic/Cretaceous depocenters

Mesozoic sedimentary basis

Precambrian Palaeozoic Hights

(Mod. from Ziegler 1995)

Fault zone UTM zone 32

 7W  17E  23E 11E 5E 1W

400 Km

Figure 20: Northwest European zones of Cretaceous - Palaeogene in-
version tectonism (mod. from Ziegler 1995).

Structural inversion of sedimentary basins is the process by which former

areas of subsidence and sedimentation formed in an extensional stress regime

are uplifted under the influence of compressive stress. The location of these

former depocentres may be evident from Fig. 21. The inverted areas are closely

associated with moderate to strongly fault controlled mid-Mesozoic subsidence

preceeding Late Cretaceous inversion with the exception of the Höllvik Graben,

the Egersund Basin and the Søgne Basin. These thus include the Sorgenfrei

- Tornquist Zone (e.g. Mogensen and Jensen 1994; Mogensen 1995) and the

Central Graben (e.g. Vejbæk and Andersen 2002).

Inverted zones also include the red zones in Fig. 21 denoting areas of

eroded pre-Cretaceous Mesozoic with the exception of the Skurup High, and

the East North Sea Block. In Scania Triassic outliers at the northeast limit of

the Sorgenfrei - Tornquist Zone suggest that at least some of these areas may

have formed pre-Cretaceous Mesozoic depocentres such that the present lack

of these sediments may be due to erosion caused partly by inversion (Erlström

et al. 2001).
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Figure 21: Upper Jurassic - Lower Cretaceous basin framework. tec-
tonism (Vejbæk 1997).
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Figure 22: Profile from the southeast Bornholm offshore. The area
between the Kolobrzeg Graben and the Christiansø High (both in-
cluded) is clearly affected by inversion uplift (Vejbæk and Andersen
2002).

In the Bornholm area, the inversion zones becomes more diffuse as it in-

cludes the area between (and including) the Gryfice Graben and the Christiansø High

with intermittent (and causally linked) flanking depocentres (Fig. 22). The

Bornholm area constitues a dextral sidestep of the inversion zone to its con-

tinuation into the Polish Trough (e.g. Vejbæk and Andersen 2002). This area

also contains notable exceptions to the rule by displaying inversion structures,

where preceeding Mesozoic depocentres are rather unlikely to have existed.

Here the Upper Cretaceous is resting more or less directly on Palaeozoic north-

east of the Kolobrzeg Graben.

As discussed in section 4, the inversion in the Sorgenfrei - Tornquist Zone

continues to the northwest south of the Børglum Fault with the main North

Jylland Chalk depocentre as the causally linked flanking depocentre abutting

the inversion zone. The continuation of the mid Mesozoic depocentre into

the Farsund Basin may thus constitute a continuation of the inversion zone

and possibly continuing even farther onshore the Norwegian mainland via the

Varnæs Graben along the Eigerøy Horst. No direct evidence for the contin-

ued inversion zone is found due to deep Neogene erosion in southern Norway

(Japsen et al. 2002), but an otherwise in-explicable northeasterly thickness in-

crease in the Norwegian offshore may be interpreted as a flanking depocentre

to an inversion zone.
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The other main location of Late Cretaceous - Palaeogene inversion is the

Central Graben. Here inversion movements are much subdued in comparison

to the movements in the Sorgenfrei - Tornquist Zone, and inversion becomes

negligible northwards in the Norwegian sector. In the Danish Central Graben

inversion is confined to zones that do not include all of the former Mesozoic

depocentres (Vejbæk and Andersen 1987; 2002; Fig. 23). The somewhat sub-

dued tectonic movements makes this area better suited for studying details in

the development of the inversion. It has thus been proposed that continued

inversion took place, but with at least 4 distinct major pulses in the 1: Pre-

Campanian - Santonian, 2: Campanian, 3: Maastrichtian and 4: Post- Danian

(Andersen et al. 1990; Vejbæk and Andersen 1987; 2002). The sub-phases are

characterized by a temporal change in structural style from narrow zones asso-

ciated with pervasive reverse faulting along pre-existing normal faults to gentle

basinwide flexuring and folding with only minor associated reverse faulting.

The chalk in the Central Graben area is an important carrier of oil and

gas by supplying 80% of Danish oil production and also a major contributor

of oil and gas production in Norway and the Netherlands (Fig. 27). The traps

range from inversion generated anticlines (e.g. Valhall, Roar, Tyra, South

Arne) over salt domes with some degree of inversion overprint (e.g. Dan,

Ekofisk, Svend) to salt diapirs (e.g. Skjold, Harald). Also stratigraphic traps

may play a major role (e.g. Halfdan, Adda). The presence of these traps owe

their existence to some combination of over-pressuring and early hydrocarbon

invasion for preserving reservoir quality despite the large burial depths (e.g.

Anderson 1999). Also the position right above the main Upper Jurassic source

rock seems to be a necessary condition (e.g. Anderson 1999, Surlyk et al.

2002). This is caused by the generally very low permeability which precludes

long distance migration, and even keep accumulations in hydrodynamic dis-

equilibrium (e.g. Dennis et al. 1998; Vejbæk et al. in press).
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8 Appendix

This mapping project applies the Universal Transversal Mercator (UTM) pro-

jection in zone 32 (central meridian 9◦E) using the Hayford 1909 ellipsoid.

Other projection types were, however, encountered during map compilation.

To give an indication on how these were treated, brief descriptions are given

below. They include: Gauss-Krüger, Mercator and ”Rikets Nät” projections.

In a few cases only a change of ellipsoid and/or a change of central meridian

was required. By keeping track of what ellipsoid has been in use, a math-

ematically derived positioning error in the order 250-300 m can be avoided.

Datum changes have not been considered which may introduce mathematically

derived positioning errors that may approach 10 m in the worst cases. This

is considered far below drafting precision (original, and during reproduction)

and digitization errors. Drafting and digitization errors are therefore the most

likely positioning errors in the resulting maps.

8.1 Gauss-Krüger projection

This projection is a transversal mercator similar to the UTM projection, but

without the central meridian scaling factor (=1). Therefore projection dis-

tortion increases from the central meridian which is remedied by applying

narrower projection zones. This projection type is typically applied in the

German sector based on the Bessel 1841 ellipsoid. A fortran program has been

used for converting these maps to geo-koordinates. Then an ellipsoid shift is

performed followed by conversion into the UTM projection of this project.

8.2 ”Rikets Nät” projection

This projection is applied in Sweden and is a special version of the Gauss-

Krüger projection. It also applies the Bessel 1841 ellipsoid (Semi Major Axis =

6377397.155m and Inverse Flattening (1/f) 299.1528128). The central merid-

ian is 15◦48’29”.8 or 15.808278◦ (passing through the old observatory near

Stockholm) and latitude of origin is 0◦. False northing is 0 m and false easting

is 1500 000 m (or 1 Mm larger than UTM false easting).
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See also http://www.lm.se/geodesi/refsys/rt/projektioner_i_rt.htm.

8.3 Mercator projection

In this projection digitization may be performed directly as geokoordinates.

Longitude values vary linearly, but latitude values vary non linearly. Digiti-

zation is performed assuming bi-linear axis. Following digitization a fortran

program is applied that corrects for the actual non-linear latitudinal spacing.

The resulting corrected geo-coordinates may be transferred to the Hayford

1909 ellipsoid and subsequently transformed into UTM coordinates. Since ba-

sic data for these maps typically are positioned using GPS that refers to the

WGS-84 ellipsoid, an ellipsoid change must be applied to maintain sufficient

accuracy.

9 Enclosures

Enclosure 1: Top Chalk Depth structure map in scale 1:1,170,000.

Enclosure 2: Base Chalk Depth structure map in scale 1:1,170,000.

Enclosure 3: Chalk Group isopach map in scale 1:1,170,000.










